We build on recent progress in understanding how the initial neural networks are built in the foetal brain. This has led us to make three significant postulates. Short term memory results from Glia cells forming speculative links directly and solely as a result of neural activity generated by life experiences. These temporary 'glia bridges' create long term memory by stimulating the growth of axons, dendrites and synapses, and provide the pathways enabling permanent neural structures to be constructed. This fundamental algorithm for how the brain generates new links is the underlying process of memory maintenance, learning and creativity.
Introduction

1
Discovering how memories are physically formed in the brain is the key to understanding almost all the other mental processes from thinking to consciousness. At the moment, what is known is that from conception to birth and then on to maturity the human brain grows approximately a billion neural networks, presumably directed by the patterns encapsulated in the inherited DNA. From the moment the nascent brain begins to receive signals from external stimuli of life's experiences through the senses; it grows trillions of additional dendrite and axon filaments linked together by synapses that build new neural links and networks.
What is not known is how these life experiences, which are unique to each individual, are converted into the mass of neural structures that represent the characteristics of each individual's memory. When a child learns to walk, to talk, to read and write, to swim, recite a poem and balance a bicycle, what physically occurs in the brain to cause this to be stored? What is the process to recall some fact, experience or emotion from the past? What stimulates neural networks to initiate these new structures? How do these new dendrite and axon filaments know where to go and how do they know how to navigate the mass of neural structures to reach the correct destination? What is the relationship between short term, expendable memories and long term permanent memories?
Background
The first neural structures appear within 14 days of conception, a heart beat within three weeks and recognisable continuous electrical activity can be measured in early neural nets on the proto cortex within 12 weeks (Rose, 2005) . By birth, approximately one billion neural networks will directly or indirectly connect every cell in the body to the brain, enabling that organ to control the behaviour of the entire body as one cooperative, co-ordinated whole. In particular, neuron networks connect the sense organs to the brain (input system), and the brain to the muscles and other organs (output system).
These structures provide the basic framework to move muscles in response to information received from the senses, to make and interpret sounds and to decode images, tastes, smells and touch. The ability to modify these basic frameworks with masses of additional dendrites and axons enables each individual to learn to enhance these generalised structures with specific skills.
By combining this basic inherited framework with the dynamic ability to learn and refine specific skills, Nature has equipped humans with a powerful force for evolutionary development. For instance, newborn humans are equipped with the propensity to make and hear the sounds of language, but they have to learn to articulate and decode every single word of the language used by the people around them (Pinker, 1994) . In other words; humans are born with a DNA-engineered brain that can do almost nothing in its external environment, combined with a process that enables it to grow the networks to do almost anything. Throughout life, this general enabling framework is populated with the specific tailored neural linkages to execute every physical task, memorise information, learn to solve problems and create new ideas.
Foetal Development of the Brain
How does this occur? Research is amassing considerable knowledge about the foetal development phase which is guiding us towards an understanding of the later learning phases. Neurons appear to be built in manufacturing sites and then migrate to their destinations. Like 'stem cells', neurons initially have the potential to develop into any type and fulfil any role (Rose, 2005) , Each neuron possesses the same standard set of DNA, so the specific type of neural cell it develops into is dependent on how the genes are expressed. Single neurons do not build networks on their own. They appear to work in teams. Before the neurons start their journeys a matrix of glia cells provide scaffolding for the construction of the networks (Rose, 2005) . Various neurotransmitters broadcast chemical messengers which stimulate the development of different types of axons and dendrites. Neural nuclei start to manufacture strings of protein cells forming teams of axon and dendrite filaments which slide along the glia scaffolding up the chemical gradient towards target destinations. Both neurons and glia use cell and substrate adhesion molecules to assist in these activities. When one member of the team is safely anchored into place with a secure synaptic connection, the remainder of the supporting team dissolves. All rely directly or indirectly on the precise instructions in the DNA.
From the moment of birth something more is needed than this inherited blueprint. It is essential to be able to respond to the environment. DNA itself cannot build even one single neural network to help a child learn to walk or speak the words of their parent's and peer's language. Some other additional process and agency is at work.
Nature is a notoriously conservative inventor, preferring to utilise existing processes over developing new ones. It seems likely, therefore, that given the crucial role of glia cells in the foetal stage of brain development, they play an equally important role in populating the brain with the neural networks of experience. Learning is about building memories, and memories are sets of instructions for responding to experiences encountered in the environment. For instance, in order to say a word and experience the feedback it receives from the outside world, the brain has to grow specific neural links to coordinate the muscles of the lungs, vocal chords, mouth, tongue and lips to create the exact sound. We now have a number of clues as to how that might occur.
Early Brains
Professor Eric Kandel won the Nobel Prize in 2000 for his ground breaking research on the neural structures and learning processes of the very simple sea slug, Aplysia. (Kandel. 2000) 6 These uncomplicated creatures have a small number of very large neurons, which are relatively easy to observe. They appear not to have undergone evolutionary development over millions of years, thus studying them is like using a time machine to go far back and observe how what we recognise as 'memory' might have developed in our distant ancestors. The possible implications of this work suggest a very radical development in understanding memory, namely that the brain does not register information in the way we have traditionally thought.
Professor Kandel observed that touching an Aplysia stimulates the neuron receptors in its skin to transmit an electrical charge through a simple neural network which activates muscles that causes it to either move away, or to try and eat whatever has touched it. Aplysia differentiates between the different sensory inputs to determine which neural path the electrical charge will take, thereby determining the response. Different stimulations cause an Aplysia to grow additional neurons that branch out from the existing pathways stimulating different muscle actions and so causing different responses.
Put another way, Aplysia does not have memories as such. What Aplysia does register are various different sets of instructions. They grow new neurons to achieve this. This radical new way of thinking about 'memories' can be applied to understanding how a modern human brain works.
Implications
The study of Aplysia suggests two rules for this. Firstly, the repetition of patterns of stimulation causes neurons to grow matching patterns of dendrites and axons. These new filaments differentiate incoming patterns, and initiate the sets of instructions which implement responses. In short, the arrival of information drives the system. Secondly, whenever neural networks are active concurrently, new links form between them.
It has been suggested that connections between neurons that fire at the same time will be strengthened (Squire, 2004) . Cyclic-AMPresponsive element-binding protein (CREB), one of a series of complicated transcription factor proteins inside the nucleus, plays a key role in memory development by activating the genes in the nucleus to manufacture the proteins needed to grow axons and dendrites (Dudeck, 2002) Glia cells also seem to play a role. Neurons grow very few synapses if no glia cells are present, and a particular type of glia cell, a Schwann cell, plays a key role in helping damaged axons that have become detached from their synaptic connection to find their way back, by providing them with a path to follow (Lichtman, 2004) . It is also known that glia cells pack around the sites of potential synapses, possibly assisting in their formation (Rose, 2005) .
Another type of glia cells, the Astrocyte cells; appear to prompt adenine tri-phosphate (ATP) to activate communication along a string of glia cells (Guthrie, 1999) . While neurons communicate through a series of established links, much like telephone wires, glia cells broadcast their messages by transmitting neurotransmitters through the extracellular fluid bathing the brain, where they can be picked up by receptors on nearby neurons, enabling communication between networks before a direct link is established.
Hypothesis
These observations and research findings suggest a possible hypothesis to describe the operation of one of the principle functions of the operation of the brain -the physical formation of memory.
The brain seems to be driven almost entirely by the information that it receives -by experience. Further medical research has been carried out into the assistance glia provide in the regeneration of neurons (Raine,1978) . Andrew Koob in his recent book The 'Root of Thought' goes so far as to suggest "astrocyte glia cells are where thoughts and memory reside." .
However, neither the medical researchers nor Professor Koob suggest the process by which these glia cells build the neural structures in the brain that we recognise as memories. When a sense or other organ, or another neuron is activated by a perceived stimulus, it sends a stream of electrical signals along the dendrite and axon filaments (Bar, 2009 ). These action potentials generate weak temporary electro-magnetic fields (Hertz, c.1850) around the filaments and they stimulate the output of neurotransmitters.
Short Term Memory Formation
Neurons operate at 77 millivolts. The voltage amplitude of potentials generated by neurons diminish by the 4 th power of the distance travelled, thus they register only as microvolts on the scalp . These speculative bridges or linking circuits form continuously and automatically whenever pairs of neurons are routinely activated in response to neural activity. The vast majority of these temporary links will not be used again and so will dissolve. Those that remain provide networks of temporary dendrite and axon surrogates that provide short term memory.
There seem to be a number of mechanisms through which these temporary bridges can form. There are several candidate glia cells and, indeed, there may be different systems involved to create different links. The observed activity of both Schwann (Lichtman, 2004 ) glia cells and Astrocyte (Guthrie, 1999) glia cells in the stimulation and repair of neural network functions has been noted above. In the visual area of the brain, the tectum emits the hormone neurotropin, which appears to help in the formation of axons. Neurotransmitters might also play a role in linking the glia together to form chains -a succession of mini synapses, perhaps, between a string of glia cells (Guthrie, 1999) .
It seems likely that the formation of these temporary links is strongly modulated by the ambient chemical mix in the brain -the current emotional state. In a state of high arousal or elevated concentration, the brain is flooded with steroids and hormones, substantially increasing the chances of new links being formed and strengthened (Damasio, 1994) .
This outlines an algorithm for the formation of transitory speculative short term 'memories' caused automatically by the activities of the neural networks in response to experiences. How are successful short term memories converted to long term permanent protein axons and dendrites?
Long Term Memory Formation
Koob argues that some of these astrocyte links remain to form long term potentiation. However, the DNA in the nucleus of each neuron is responsible both for building its axons and dendrites in their original formation and for their subsequent control. When additional new pathways of electrical activity -'glia bridges' -come into operation, they affect the way the nucleus controls additional information and the destinations to which response signals are despatched. Continuous activity along these temporary circuits causes the nucleus to initiate the construction of more permanent structures. Making permanent memory involves stimulating cells to produce proteins and so it seems plausible that the electrical activity generated by repeated use of new temporary 'glia bridge' links activates the genes in the DNA.
Axon activity can influence the activation of genes in a glial cell and thus influence its behaviour (Fields, 2002) . It is only one further step to suggest that activity over temporary links can influence similar gene behaviour in a neuron nucleus.
This highlights a persuasive and plausible process for the creation of the neural networks that encapsulate memories. The processes of foetal neurogenesis are repeated after birth. The difference is that pre-natal networks are generated by the DNA blueprint and operating instructions, while the post-natal networks are generated automatically as a result of the physical information flow generated by experiences.
Summary
We are now in a position to offer answers to the questions outlined at the beginning of this paper. The electrical activity generated between active neural networks creates speculative temporary glia links. These new links are modulated by the ambient chemical mix (emotional state) and strengthened by usage.
This activity stimulates the genes to grow permanent axons and dendrites. Thanks to the existence of the temporary glia bridges, the new filaments know where they are going, and can follow these pathways to navigate to their destinations. As with the foetal process, it seems likely that neural activity causes many initial links to be formed, but only a few will eventually be established as new permanent links. Through this system, information arriving in the brain automatically stimulates the process that can lead to the formation of permanent neural memory paths and so, for instance, build the motor circuits to execute activities, speak words, connect them to images and other facts and so create knowledge -the basis of learning.
Memory Migration
Brain scans imply that over time the active areas of the brain associated with specific 'remembered' activities seem to migrate. This hypothesis may solve this problem. Neurons in themselves have no knowledge of past or future. Every time neural networks are stimulated they automatically generate temporary speculative links, unaware of whether this is the first event or a well established activity. Thus, every time the neural circuit of a memory is accessed, a new experience is created which carries potential variations on the original: various ways of access, various new structures, and various outputs. Thus, memories of recalling memories are also stored, which accords with observation. If the initial structure is used continuously, these variations will develop as associated networks in other areas of the brain, providing valuable redundancy and plasticity to cope with damage or wear.
Learning
This concept of 'glia bridges' provides a very useful framework to illuminate many brain functions. In particular it provides an algorithm to explain how humans can learn new tasks such as swimming, balancing a bicycle, driving a car, or reciting poetry. Initially, it is often difficult to coordinate the many bodily responses needed to execute skills like these; however, repetition enables the brain to grow the new links and neural networks to execute these tasks efficiently, while further practise enables the same process to fine tune the networks to become expert (Le Fanu, 2009 ).
Creativity
The concept of temporary bridges automatically linking up active networks could also help explain how humans are able to create a novel solution to a problem after puzzling over it for some time without success. At some point in the deliberations, two previously unrelated networks link up in a flash of creativity.
Propositions
These ideas give rise to two further speculations. First, if the development of successful temporary 'bridges' causes the DNA in the nucleus to grow a new axon or dendrite, it is possible that this activity may also reciprocally modify the DNA, or at least the expression of the inherited DNA. As the DNA in a cell is replicated, it seems likely that any modification, in the form of new axon and dendrite growth, must be contained in the replication if the brain function dependent on the new filaments is not to be lost. It follows that copies of the modified DNA are passed out of the neuron so that if the neuron is damaged or wears out, the blueprint is available to build a replacement neuron that includes everything that had been created after birth, so incorporating extragenetic experiences and learning (Ross, 2008) .
Second, if modified DNA circulates in the body it could influence the DNA laid down in the sperm and ova, so potentially modifying the genes of subsequent generations. Thus, we would have a process whereby every generation is able to benefit from all the accumulated experiences of their forebears. Here we have a possible algorithm for Trans-generational Epigenetic Inheritance (Ross, 2008) .
Marcus Pembrey of the Institute of Child Health at University College London suggests "some sort of key information -perhaps epigenetic in nature -is being captured at the stage of sperm and egg formation, then passed down generations" (Arturas, 2008) .
However, Arturas Petronis at the Centre for Addiction and Mental Health in Toronto, Canada, goes further. He reports finding distinctive epigenetic marks in some of his patient's genes. These marks are indicators that gene expression has been altered. Professor Petronis then goes on to make a groundbreaking announcement. He reports finding these alterations not only in the frontal cortex of his patients, but also in their sperm (Petronis, 2008) .
Is this the first evidence of Trans-generational Epigenetic Inheritance -a logical process, not just Darwinian random mutations?
